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PHASE DETECTOR AND PHASE LOCKED LOOP CIRCUIT 



CR O SS REFER ENCE TO R ELATED A PPLICATIONS 
This application claims benefit of priority under 35USC 
5 § 119 to Japanese Patent Application No. 2000-283337, filed on 
September 19, 2000, the entire contents of which are incorporated 
by reference herein. 



B ACKGROUND O F T HE I NVENTION 
io Field of the Invention 

The present invention relates to a phase detector for use 
in a phase locked loop circuit (PLL circuit) and the like which 
O can operate at a high rate even with a low voltage. 

U1 15 Re l ated Back g rou nd Art 

yl A PLL circuit can output a high-precision clock signal with 

W a little frequency fluctuation, and can be constituted by 

^ combining a MOS transistor. Therefore, the circuit can broadly 

Q be used as a circuit, incorporated in a digital LSI chip, for 

; y 2 0 generating a system clock of CPU, and the like. 
■ f| The PLL circuit generates a clock signal having the same 

P phase as that of a reference clock signal supplied from the outside. 

A phase detector for comparing the phase of the reference clock 
signal with that of the output clock signal of the PLL circuit 
25 and outputting a signal in accordance with a phase difference 
is disposed inside the PLL circuit. 

FIG. 10 is a circuit diagram showing an internal 
constitution of a conventional phase detector. The phase 
detector of FIG. 10 comprises two set-reset flip-flops 
3 0 (hereinafter referred to as S-R flip-flops) 21 and 22 each 
including two NAND gates, NAND gate G21 to G25, and inverters 
IV21 and IV22. 

When an output of the NAND gate G21 has a low level, the 
S-R flip-flop 21 is brought to a set state. When the output of 
35 the NAND gate G24 has the low level, the S-R flip-flop 22 is in 
the set state. Moreover, when the output of the NAND gate G23 
has the low level, both the S-R flip-flops 21 and 22 are brought 
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to a reset state. 

FIG. 11 is an operation timing diagram of the phase detector 
of FIG. 10. An operation of the phase detector of FIG. 10 will 
be described hereinafter with reference to FIG. 11 . In an initial 
5 state (before time tO), an output UPN of the NAND gate G22 has 
a high level, and an output RESETn of the NAND gate G23 also has 
the high level. When a reference clock REFCLK has the high level 
at the time to, an output LCI of the NAND gate G21 has the low 
level. Thereby, an output LOl of a NAND gate G26 in the S-R 
10 flip-flop 21 reaches the high level, and an output LI 1 of a NAND 
gate G27 reaches the low level. 

Thereafter, when a clock signal CLK reaches the high level 
fm , at time tl, an output LC2 of the NAND gate G24 reaches the low 

5 level, subsequently an output L02 of a NAND gate G28 in the S-R 

;^ 15 flip-flop 22 reaches the high level, and an output LI2 of a NAND 
fjf gate G29 reaches the low level. 

f*; Thereafter, when the reference clock REFCLK reaches the 

t$ low level at time t2, the output LCI of the NAND gate G21 reaches 

* the high level, subsequently the output UPN of the NAND gate G22 

n 

,7 : l 2 0 reaches the low level, and an output UP of the inverter IV21 
M< reaches the high level. 

Subsequently, when the clock signal CLK reaches the low 
|,~ level at time t3, the output LC2 of the NAND gate G24 has the 

high level. Thereby, the output RESETn of the NAND gate G23 
25 reaches the low level, subsequently the output UPN of the NAND 
gate G22 reaches the high level, and the output UP of the inverter 
IV21 reaches the low level. 

Thereafter, when the reference clock signal REFCLK reaches 
the high level at time t4, an operation of time tl to t4 is 
3 0 repeated . 

In FIG. 10, a time difference between when the output UPN 
of the NAND gate G22 reaches the high level at a falling of the 
clock signal CLK and when the reference clock signal REFCLK rises 
to start initialization of the next clock cycle is assumed to 
35 be At31. Then, the larger a phase delay time Atll of the clock 
signal CLK with respect to the reference clock signal REFCLK is, 
the smaller At31 becomes. 
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When frequencies of the reference clock signal REFCLK and 
clock signal CLK increase, At31 decreases and approaches zero. 
When At31 indicates a negative value, and when the reference clock 
signal REFCLK rises in the next clock cycle, the output UPN of 
5 the NAND gate G22 remains at the low level, the output LCI of 
the NAND gate G21 cannot be set to the low level, and normal 
operation is not realized. 

That is , a maximum operation frequency of the conventional 
phase detector shown in FIG. 10 is defined by the clock frequency 
10 at which Atll increases and At31 becomes zero. In a conventional 
example, when a phase delay of the clock signal CLK is large with 
respect to the reference clock signal REFCLK, a timing margin 
from a point of definition of the signal UPN as a previous signal 
of the signal UP until rising of the reference clock signal REFCLK 
15 at a start point of the next cycle is reduced. Therefore, the 
maximum operation frequency is lowered. 

An example in which the phase delay of the clock signal 
CLK is large with respect to the reference clock signal REFCLK 
has been described above. However, the similar problem even 

2 0 occurs when the phase delay of the clock signal CLK is small with 

respect to the reference clock signal REFCLK. In this case, the 
circuit is initialized not with the reference clock signal REFCLK 
but with the rising of the clock signal CLK. 

25 SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
phase detector configured to output an up signal when a first 
clock signal is ahead of a second clock signal in phase, and 
outputting a down signal when said first clock signal is behind 

3 0 said second clock s ignal in phase , said phase detector comprising : 

first, second and third flip-flops; 

an F/F control circuit configured to set an output state 
of said first flip-flop based on outputs of said second and third 
flip-flops, setting the output state of said second flip-flop 
35 based on the outputs of said first and third flip-flops, and 
setting the output state of said third flip-flop based on the 
outputs of said first and second flip-flops; and 
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an up/down signal output circuit configured to output said 
up signal and the down signal based on the outputs of said second 
and third flip-flops. 

5 BRTEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a first embodiment of a phase 
detector 10 according to the present invention. 

FIG. 2 is an equivalent circuit diagram of FIG. 1. 
FIG. 3 is a circuit diagram of an S-R flip-flop of FIG. 

10 2. 

FIG. 4 is an operation timing diagram of the phase detector 
10 of FIG. 1. 

FIG. 5 is a diagram showing a relation between a power 
source voltage (V) and a maximum operation frequency (MHz). 
£ 15 FIG. 6 is a block diagram of a PLL circuit constituted using 

iji the phase detector 10 of FIG. 1. 

H~ FIG. 7 is an operation timing diagram of the PLL circuit 

|J of FIG. 6. 

s FIG. 8 is a circuit diagram of a second embodiment of the 

^ 2 0 phase detector 10 according to the present invention. 

M= FIG. 9 is a circuit diagram showing an internal 

constitution of the S-R flip-flop of FIG. 8. 
hi FIG. 10 is a circuit diagram showing the internal 

constitution of a conventional phase detector. 
2 5 FIG. 11 is an operation timing diagram of the phase detector 

of FIG. 10. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A phase detector and phase locked loop circuit (PLL 
30 circuit) of the present invention will concretely be described 
hereinafter with reference to the drawings. 
(First Embodiment) 

FIG. 1 is a circuit diagram of a first embodiment of a phase 
detector 10 according to the present invention. The phase 
3 5 detector 10 of FIG. 1 includes three S-R flip-flops 1 to 3 each 
of which is constituted of two NAND gates , NAND gates Gl to G6, 
and inverters IV1 to IV6. 
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The S-R flip-flop 1 has two NAND gates G7 and G8 , one NAND 
gate G7 performs a NAND operation between a set input terminal 
RL and an output RI of the other NAND gate G8, and the other NAND 
gate G8 performs the NAND operation between a reset input terminal 
5 RS and an output RR of the NAND gate G7 . The output of the NAND 
gate G7 forms the output of the S-R flip-flop 1. 

When the S-R flip-flops 1 to 3 are shown by blocks, the 
NAND gate G5 and inverter IV5 are replaced with an AND gate G5a, 
and similarly the NAND gate G6 and inverter IV6 are replaced with 
10 an AND gate G6a in the circuit of FIG. 1, the circuit is replaced 
with a circuit diagram of FIG. 2. An internal constitution of 
the S-R flip-flops 1 to 3 of FIG. 2 is shown by a circuit of FIG. 
3. 

The NAND gate Gl of FIG. 2 performs the NAND operation 
15 between a reference clock signal REFCLK and a clock signal CLK. 
More concretely, when at least one of the reference clock signal 
REFCLK and clock signal CLK has a low level, the NAND gate Gl 
outputs a high-level signal, and the S-R flip-flop 1 is brought 
to a reset state. 
20 When the S-R flip-flop 1 is in the reset state, and the 

reference clock signal REFCLK is at a high level, the NAND gate 
G2 brings the S-R flip-flop 2 to the set state. 

When the S-R flip-flop 1 is in the reset state, and the 
clock signal CLK is at the high level, the NAND gate G3 brings 
25 the S-R flip-flop 3 to the set state. 

When both the S-R flip-flops 2 and 3 are in the set state, 
the NAND gate G4 brings the S-R flip-flops 2 and 3 to the reset 
state and the S-R flip-flop 1 to the set state. 

When the S-R flip-flop 2 is in the set state, and the S-R 
30 flip-flop 3 is in the reset state, the AND gate G5a of FIG. 2 
outputs a high-level UP signal. When the S-R flip-flop 3 is in 
the set state, and the S-R flip-flop 2 is in the reset state, 
the AND gate G6a of FIG. 2 outputs a high-level DOWN signal. 

FIG. 4 is an operation timing diagram of the phase detector 
35 10 of FIG. 1. An operation of the phase detector 10 of FIG. 1 
will be described hereinafter with reference to the operation 
timing diagram of FIG. 4. 
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Before time to, an output RESETn of the inverter IV1 has 
the high level, and NAND gate outputs LNl and LN2 in the S-R 
flip-flops 2 and 3 have the high level. When the reference clock 
signal REFCLK reaches the high level at the time to, an output 
5 LT1 of the NAND gate G2 reaches the low level, and an output LSI 
of a NAND gate G9 reaches the high level. Thereby, the output 
LNl of a NAND gate G10 reaches the low level, and an output UP 
of the inverter IV5 reaches the high level. 

Thereafter, when the clock signal CLK reaches the high 
10 level at time tl, an output LT2 of the NAND gate G3 reaches the 
low level, and an output RS of the inverter IV4 reaches the high 
level. When the output LT2 reaches the low level, an output LS2 
of a NAND gate Gil reaches the high level, and the output UP of 
the inverter IV5 reaches the low level. 
15 Moreover, when the output LS2 reaches the high level, an 

output RL of the NAND gate G4 reaches the low level, an output 
RR of the S-R flip-flop 1 reaches the high level, and the outputs 
LNl and LN2 of the NAND gates G10 and Gil reach the high level. 

Furthermore, when the output RR reaches the high level, 

2 0 an output RI reaches the low level, and the output RESETn of the 

inverter IVl reaches the low level. When the output RESETn 
reaches the low level, the outputs LT1 and LT2 of the NAND gates 
G2 and G3 reach the high level. 

When the output LTl reaches the high level, the output LSI 
25 of the S-R flip-flop 2 reaches the low level, and subsequently 
the output RL of the NAND gate G4 reaches the high level. 

Thereafter, when the reference clock signal REFCLK reaches 
the low level at time t2, the output RS of the inverter IV4 reaches 
the low level, subsequently the output RI of the NAND gate G8 

3 0 in the S-R flip-flop 1 reaches the high level, and the output 

RR of the NAND gate G7 reaches the low level. As a result, the 
output RESETn of the inverter IVl obtains the high level. 

In the phase detector 10 of the present embodiment, as 
compared with the conventional phase detector shown in FIG. 10, 
35 even when a phase of the clock signal CLK is far behind the phase 
of the reference clock signal REFCLK, a rate of an initialization 
path of the circuit (reference clock signal REFCLK low -»• output 



RS low -* output RI high -» output RR low -» output RESETn high) 
is not determined by a pulse of the UP signal. Therefore, the 
maximum operation frequency becomes high. This characteristic 
is particularly important when the phase detector 10 is operated 
5 at a low voltage. This is because the phase detector 10 is 
operated at the low voltage, gate delay is then generated, and 
the operation frequency tends to be lowered. 

FIG. 5 is a diagram showing a relation between a power 
source voltage (V) and the maximum operation frequency (MHz), 

10 and shows a circuit simulation result of the maximum operation 
frequency of the phase detector 10 using a 0.35 \xm CMOS technique. 
In FIG. 5, a circle plot indicates a property of the present 
embodiment, and a cross plot indicates a conventional property. 

As shown in FIG. 5, an operation rate of the present 

15 embodiment is higher than that of the conventional example by 
about 40% at the power source voltage in a range of 1.2 V to 2 
V. 

FIG. 6 is a block diagram of the PLL circuit constituted 
using the phase detector 10 of FIG. 1. The PLL circuit of FIG. 

2 0 6 includes: a charge pump 11 for outputting a voltage signal in 

accordance with the UP signal and DOWN signal outputted from the 
phase detector 10; a loop filter 12 for removing a high frequency 
component from the voltage signal outputted from the charge pump 
11; a voltage control oscillation circuit 13 which oscillates 
25 at a frequency in accordance with an output of the loop filter 
12; and a clock buffer 14, connected to an output terminal of 
the voltage control oscillation circuit 13, for outputting the 
clock signal CLK. 

Additionally, as omitted from FIG. 6, a signal constituted 

3 0 by frequency-dividing the clock signal CLK outputted from the 

clock buffer 14 may be supplied to the phase detector 10 and 
compared in phase with the reference clock signal. 

FIG. 7 is an operation timing diagram of the PLL circuit 
of FIG. 6, FIG. 7A shows that the phase of the reference clock 
35 signal REFCLK is ahead of the phase of the clock signal CLK, and 
FIG. 7B shows that the phase of the reference clock signal REFCLK 
is behind the phase of the clock signal CLK. 



In FIG. 7A, the phase detector 10 outputs the high-level 
UP signal, and the charge pump 11 controls so that the output 
voltage goes up. On the other hand, in FIG. 7B, the phase detector 
10 outputs the high-level DOWN signal, and the charge pump 11 
controls so that the output voltage goes down. 

Since the phase detector 10 of the present embodiment sets 
the respective outputs of three flip-flops 1 to 3 for controlling 
generation of the UP and DOWN signals without being directly- 
related to logic of the UP and DOWN signals . Therefore, the UP 
and DOWN signals can correctly be outputted in accordance with 
the phase difference between the reference clock signal REFCLK 
and the clock signal CLK regardless of a magnitude of the phase 
difference between both signals. 

That is, according to the first embodiment, even when the 
phase difference between the reference clock signal REFCLK and 
the clock signal CLK is large, the UP and DOWN signals can 
correctly be outputted, and the maximum operation frequency can 
therefore be set to be higher than a conventional maximum 
operation frequency. 

(Second Embodiment ) 

A second embodiment is different from the first embodiment 
in logic of a set input terminal and reset input terminal of the 
S-R flip-flop. 

FIG. 8 is a circuit diagram of the second embodiment of 
the phase detector 10 according to the present invention. The 
phase detector 10 of FIG. 8 includes three S-R flip-flops la, 
2a and 3a in which the set and reset input terminals have a positive 
logic, AND gates G2a, G3a, G4a, G5a and G6a, NAND gate Gl, and 
inverters IVl to IV3. 

The S-R flip-flop la is brought to the reset state when 
the output of the NAND gate Gl has the high level, and is brought 
to the set state when the output of the AND gate G4a has the high 
level . 

The S-R flip-flop 2a is brought to the set state when the 
output of the AND gate circuit G2a has the high level, and is 
brought to the reset state when the output of the AND gate circuit 
G4a has the high level. 
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The S-R flip-flop 3a is brought to the set state when the 
output of the AND gate circuit G3a has the high level, and is 
brought to the reset state when the output of the AND gate circuit 
G4a has the high level. 
5 FIG. 9 is a circuit diagram showing an internal 

constitution of the S-R flip-flop of FIG. 8. As shown in FIG. 
9, each of the S-R flip-flops la, 2a and 3a has NOR gates 6, 7 
and inverter 8 . The NOR gate 6 performs a NOR operation between 
the set input terminal and the output terminal of the NOR gate 

10 7, the NOR gate 7 performs the NOR operation between the reset 
input terminal and the output terminal of the NOR gate 6, the 
inverter 8 reverses the output of the NOR gate 6, and the output 
of the inverter 8 forms the output of each flip-flop. 

Also in the second embodiment, even when the phase 

15 difference between the reference clock signal REFCLK and the clock 
signal CLK is large, the UP and DOWN signals can correctly be 
outputted, and therefore the maximum operation frequency can be 
set to be high. 

In the aforementioned first embodiment, an example in which 

20 the NAND gate and inverter are combined to constitute the phase 
detector 10 has been described. In the second embodiment, an 
example in which the NAND gate, AND gate and inverter are combined 
to constitute the phase detector 10 has been described. However, 
the type of the gate constituting the phase detector 10 is not 

25 particularly limited. 



